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ABSTRACT 

PURPOSE: To obtain thin film type semiconductor material of high nobility, 
by a method wherein a noncrystal silicon film in which concentrations of 
carbon, nitrogen, and oxygen are all specified is irradiated with a laser 
beam, fused, and recrystallized. 

CONSTITUTION: An amorphous silicon film of quartz 601 of a substrate where 
an amorphous silicon coating film is formed is etched in a rectangle, 
thereby obtaining an amorphous silicon film 602. By secondary ion mass 
spectrometry, it is confirmed that each of the concentrations of oxygen, 
nitrogen and carbon in the coating film is lower than or equal to 10(sup 
1 9)cm(sup -3). Next the film is arranged in a vacuum vessel, and irradiated 
with an excimer laser beam, thereby laser- annealing the film. Thereon a 
gate insulating film 603 is formed. After that, a gate electrode 604, a 
source region 606, and a drain region 607 are formed. An impurity region 
which has been made amorphous by ion implantation is recrystallized by 
laser annealing. Thereby a film type semiconductor of large mobility can be 
obtained. 
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1 

5 x 1 0" cm-'ETF. $? £L< « 1 X 1 0" cm-'R 

W«ftaS**«WUT»B-f*iMi. WtMHfrfsa 

S H tic it? T# 6tlfcH tZftrnttZ^m 

fMTO. 

iiwwi4] a*, ass. *j:tfa»©wftwvrn , b 

5X l 0" sm"HT..If*l/<ttlx 1 0"cm-'H 
TT**#»»tt©a*a*JMrt-*lSi:. nea^R 

ttfiti: v-*}-% t>b< a-wi t me&a% e saw ut 
[«*«5] aa. a*. *j:tfa*©«***vvrnt> 

5 x 1 0" cm-'filT, *?£l/<ttl X 1 0"cm-'H 

K±fc«<B£a. aflasaofiawtttftart 
r*iat. WE«««K*auTv.— tf-#&L<a 

SiN, O, C, (0^x^4/3, 0^y^2. 0^ 
z£l, 0<3x+2y+4z^4) T&D, flo, 

5X l 0" cm-PiT, ffSKtel x l 0" cm-'H 
*ft#t»*H««efci3V>T, 2 0 0 ~ 6 0 O&CT&ffl 

©ft^s. 

[3893©#ifflfcI»fiJ 
CO 0 0 1] 
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2 

[0 0 0 2] 

*-T*©TB&<. Rnmg«©fiEafy^* , *FftUT- 

fMftKKbT.l 0 cmW • sttT©aa*mfel/< 
10 «*©<(«©** U *•©#£#*»©#« 

Wfc** u-wwfc*© i xaT©«n*t**LTv»«. 

LfctfoT, a*. v-r*niru;**/W6*v»tt"te5 7 

[0 0 0 3] -ST. 7t^7rX*»# (T^J^rX 

#ctt. *<Dftm*4 o oacwT©it«»fimT*c: 

20 [0 0 0 4] U#U&#S, Hft&Tt/l'^rX*** 

H-t©**UiriM»* « ; fiMttaE^*-^»flD *< 

(TFT) ©5 l +*JWJ*«*ibTfflV»*c: 
■!f-3t^*-fey>5>^3t«©3fi3t*»ttbT. 

tiA3«. ea«©*SMMmfc«**i/»T. *©* 

5. ) 

[0 0 0 5] VftLU&Z, l>-*f-7--)Vmz&r> 

x«e*ff 6tiTV»fc*«MMW©*v 'J irfM»*H*tt 

fc. «igffi)g©«-&ic«, «ftsn-cv»*^o 

T?«t>**»:«TiMl*tt 2 0 Ocm' /V • sTT* 
0. cntt*tia**©««t»*, 1 3 5 0 cm' / 

V • s©7»©lT?l/*^V». Sfc, u— tf-7--;w 
40 »KJ:oTff6ft*4HWMW©Wt (HtVT&W) 

*©«6 , 3**»*ft<. *»©*TftH-^BrtK»* 

f««^ic(±> #&n«.*3#* : F©»tt©«e»t?t*< 

V»fcJ6«fi©*H O aWr U < «T Ufc. 

[0 0 0 6] 

^■rs c t*»-c#*i&»"3 &!»«©*•*«»©»«* 

so es:s-r5ci:&@s«)t-rs. -r^t-. »»aE©»v»» 
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[0 0 0 7] 

-7=:-.H'ft©Wfefc*v»T, *#5n5¥£##iflg©7 

■7> • t;-^(DS5s^ic^s-r?>j:t»cJ:oT, ens io 

[0 0 0 8] MAtf, JIUaK&reii. 5 2 1 cm - ' 

[0 0 0 9] m&o©P&«:5S-f 109-t?*5*i, 7t 20 

K-^O+ifrtt (Wtt) t«^©m 

^»»* -ossM) -©H*ftjR-r. gpgs 

KlCfcoTTFTSfPJlU -tOCV Ogfi-HJE) # 

frt>W>ofrl3il:v\Z, 7~?>- If— ^ ©c^'Ofil** 5 1 5 
cm-'SttbT. «?8frA©¥ftfc*£ftSV>#(£. 
ens. Tfcfe-S.- 5 1 5 cm-'fin^HWHMb*© 
7V> • e-^ft#tta/hS^*». 5 15 cm'Klf 

war*. 

[0 0 10] £©gfctt9ISa>fc» 20©4S*<#fi-r-5 
di:4SbTV^. #389i#S©fFStK±-&i:> 5 15 

fe©T&0, 5 15cm'K±-CH, U— tf-7--;V 

[0 0 11] 77> • tf-*©+-fc<itt, 

2 lcm-'*aA*ti:fi'&<, # 40 
$nfc«7Sf()g©S*ffitti|!52 0 0 cm' /V • sT 
*t>fc. OV>T#?693A'&«> ^»S$f6]±-&U*S^ 
£5Ff&©&±lc*v>T> ttffifi&4#;*tt«tt*. ft 

T. 2xlO"cm-'ggT^ft. -tr-p, K4>lC-& 
£tt5&*KT©R£«4>3tt*;i.!:fc«fc-3T. 57> 
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[0012] eiT,. *w«i«Ttt;:n6oB«{, a*. 

j*$e©fta7cS©SK£tt. «JBt©1"i>«#©Jgg£ 
v>5feOt*-«. fcif&SfcL 4fflR©££££V>S3-; 

*f.v»«sjK©s®©jS^{i, ene.MS7c^©5Ba[^ 
s»Tf8sv»©T*s*«, cin?.©^(c#ft-rsMS7c 

»***.&V»fe©4:#*.fca>5T**. *R+T«*>a 

i/9JMw*©*fl^3fc**m, mns<om^-v\m 
<z>*&m-e$>'), «©+*«*m«ff»*ffl-h 
9>5>^^-*©*iMi<WE«K:*v»TaKfta«**fe 

f , fe©i:#^e.*x-5d^-ca&S. «±©J:i>tt8*j&>. 
6, JHfcJMKE*©«Ktv>5»*fctt»' 

[0 0 13] dttSH 2 Kipf. B2£D9i&*ft£3 
IC. «*©&£«&£$ 4: ICJ:oT., *L<«* 

'3i«»***«**n***c*v>T*>n«T*ofc. *© 

a*fcl/T«. *5WIA&tt. JK*©ft;M(?ftt£V>4l 

ftrtftf *©"e**<*. jR^fc^snsttXK^a*© 

»ft©jfcftfcfcfcfcMa^iiv^»6tt, tt#fc*rfflb 

^ U 5r ©fc*IE»ft«*»*3 < ft St V»3 R fc . I'— !f 
-7=-JI'fcJ:^T**B?**v»ttR*JK?©**© 
(HRte»A*Wfra:a*J:0**V»a:#*. 

10*&D(DlSiC!)*SSW^<&oT, 

£<. Sfc, IMH*#flKtfc*i*£V»3R*S£ELTV» 

[0 0 14] VvrWCl/rfe-. ttK*©******* 

<T-5dtlU:oT < V— y*-7--;Hci:oTffi»T 

K** 

1 X 1 0". cm'' tTSCilCioT, 1 0 0 0 c 
m' /V- sfcV»5*#fc*J*»*W*&ttfc. 
SKHftCfe. ft*©MK*l**©BKe*3 < T* £ 

[0 0 1 5] S5IC> S*iS^g^«§-Ct)*3V> 
WCfe. 5V> • £-*©{»£*?*»*©*•»' 

AS>tt. H2©jMUQ£tt©fl(W&. t'— 9-7-- 

ffi£U C©««ft«a-fMSft»Wt*#»*fc. -® 

[0 0 16] *5MIAStt, ^a«fSJ* { 5-7 
>-K-^©¥4IB (FWHM) IC*5V»Tfel.e.tl5i: 
tSREbfc. d©^T*03lC^-r. 0 3©«ittlS, 
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¥iei.^©*fiiii-et>o^fc©-c*o> ct-cmm too 20] ua>wi*«&. c:ns>©7nss©}g 

Bit (FWHM RATIO) iJ:^, FWHM RA g& 1 X 1 0" cm-'ttTICtSuilt &#T»2g 

TIO***3<. ltefiV»t>OR£WS*«*CjfiVU(l ©*V»at«fcfc;bV»T, *t)»Ti:n605c*01ME*«/h 

jfi£Wl/tV»*£:#*.SnS. -tUT. B&59i5!fcfc £V> (1X1 0" cm-'KT) OSdKKU— !f-7=- 

J:3C, tt£ftttft<ni;*£Cli. FWHMR AT I 0 Midft^T'b, S*fc l 4»S-c#&v». jintt, 5? 

fc. Sfcv ft©7V> ■ K-*©«fr<>«©»G-fcm*C flaWWf«»V'-'!f--7=-^OBKtt«t'fc»5a*ft* 

K+oWWME* f ^av»t>©Ki*«^»»«a»**<. fc*. K©*iifc!K*anTv>;fci::hs©*r 

©«£*#fc«^8jg#*§e>nfc. *-;W* [0 0 2 1] *bT v C*l&©H«fc»**fc*KfiM» 

'2©»£fcm«KH3©j»»*Dfe«tti«-ff»** *. «*©Jl*)Wi»T/hSV», 10"cm-' 

«TT**i:#*.Tl>»*. «T©7 ; e;i'7 77.¥«flcK©*!5S:ffitjT, Kftg 

[0 0 1 7] *559§A&tt> 5V>- If-*© *, 2ft3iSS> tt^^O&HKfeffJftU *©»» 

*<t»©7 J E^7r^J«»iaBSH'J"*e-^©!ME *^B«+ (1 0" t o r rfilT) tf-7n- 

frlc&ofc. 134 tt, l'—1f—7——}VL1zW&<DT : £ «*©/h3<. KV«»*©*»#«Mlft»*"r*'i:t 
;i/7r:*J«#fceHt"57V> • (4 8 0cm' 20 #T£-3. 4f9x.fi, tt3g©58S**V»-fn'b 

#55© tf-iO ©8« I a fc^HSitJijIS©? v> - If- 1 X 1 0 1 1 c m' ' RTT\ MrT&Wlg.lfi 1 0 0 0 cm* 

£lc (5 2 1 cm-'flja©tf-£) TfBfcfcOT* /V • sOi^Wi^nfe. 
0. BIT. INTENSITY RATIOilW. I [0 0 2 2] 7^;i'7 7X¥$#Jg©giS*8oT. ® 

NTENS ITY RATIOfcWLTtt. »*©** ft&X. ftflS^R> *flaS8W©«Ml*»rtt'*KI* 

«aw»rai;Tr*n«, intensity ratio utwu l^oxggaswrs^vwv-T-, 

*»*SV», ffc^S. &*©7*;P77XB£#*< / >fc<'> CVDS^X/^y^ffifc±oT7 : E;i'7r7.^^«K 

l4BW©WE£WKt). S«tt>K*©**fcHUTfeJi tILfc»H«l:t*!:tl:J:oT; stKttc&Rrs 

e>*ifc. -r nn&©*&©/hsv>fe©K£*# 30 ^^jSltv^. la»l&*»6» io^c^eo, 
&«FiMkflW I »sft&. a etc, *-jwm&*C3v* «stt*rsj±$«5fc*fc«. ^tHfn©** 

Tfcffi«fciWGl**E.Sft&. C©«-&C>bH-2» 03© ©JEsjSKI&B©^^-^^. Sffitt@«>T^X 

»^fcH«KH4©jfl[*J:0fc«ttj«t-?Heft««T £K*&n&!|ttB©* *. #^*>/V-SfMfirr*2r5S 

*«i:#^Tv»5. *awf*dt*«a*bv>. ^n?.©^©*fe©ji^ 

[0018] sbc, wM9ic9v> . tr-*©gg*t \mim&&<Dim\z&vTi3;$nz>. v>r*i©*tt"t« 

est, s*, ^3S©»s©^s*taK©7v>. e— ^ wKK^snttt*. m. jwuwt-Mwc^ftvJjitv 

©»Stt*#*^fci *i^7 ; E;P7rX^*i:-€-©±©«SSJ©lf-®fc« 

[0 0 1 9] ST. OtOi'Sfc, **UiriMft**iai #X*«B»S*iT.V»&V»;:i:. «*.«» ffi»T 

±S-&5fc»Jr{S, R>f©tt9Kv S5g, «*©«**6 40 »&&7t;i'7 7X¥&#Bi£^l£LT 1 fe, *© 

ns©5E*©*6«v»rnt>, 5x1 ■o ,, cm-*KT. a Ltzm&iz^ ^owM^-^-7=.-)vi,x%^n 

S.\s<\tlxiO"cm i VJ : t'?ZZt\z±z>X. m *tMl©*^U-\f»»SI4. HRfc/hSfct>©-e*D,- 

*«. ^SBrcWTHsftfttUT 1 0.0 0 cm' /V • *fc, f«rt©*«ftte©!WSftSWtt«»"r/ha 

8fe©tt!fi»#6n*lltftJE.lHl/fc. *»HA&tt. a v». 7*;i/7 7;*¥lWW©SHBt:tf**»tt» 

e.(c^ne,©7c?g©sss^?.-r^iic«kt>T, «ko# sn> c:n*«a©v— ♦j , -7=-^©*c«n , t , cttii 
\z, *©ffattt*»6«j:fc*«Tr**i:i:**jabfc. [0023] cot^oM^WtiTBi/ 

0~5 0 0 cm' /V • s<Dm>£:$%.\Z%Z>Z\tt)*Xt 50 5g^{b^* , r$.^Tt>«fc < » Cin6©SittU 
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It, ft^it S i N, O, C, (0^x^4/3. 0^ 
y^2. OizS'l; 0^3x + 2y + 4z^4) TS 

©JP Stt5 0~1 0 0 0 nm*<jgUTV»fc. 
[0 0 2 4] ST. *fg?l!tt7 ; &;P7 7X¥&#£BS<f' 
©&£> ft*. K*©«fttt«r*ti:*J:tfl/— * 

-7=-J!i'©iRK#«E"*'sa*. ft*, &*©$g£« 

»c»jssft&«#3fc£ h- 5 >^ *-©?■* *)Wfm. 
*ow«-t*d. ?**;w»i«w©«Bifcsa!#e • 

fc#©&ijgt>. 9^>»3CfcJ:*!in6oflWi*»6;_ 20 

[0 0 2 5] 05tt. *?KftJKft!2 2 cm' /V • 

s. 201 cm' /V • si5«fctf 9 8 0 cm* /V • s 

(FWHM) SSl/fcfe'eO-CftS. HfciS^T. $fAtt 

©fiST&oT. 1-0 Oym-CSfe*. Xtt?-**;Wgj£ 
«*©**£* U X/L = 0t«, 9"r*M»&IKM 30 
©7-X«gt££:©#®. X/L=lfctt. ?v*;wsjji 

laopi/oiitom x/l=o. sttt, ? 

**;W&J*«8©**S*l/TV>*.- BW&E&frfcJ: 
SKWFfM&S*^ 2 cm' /V • s ©fc©«FWHM 
l/jJ>fe*OSa»tt*#<feV>. FWHM*»/Jv 

«xn <*B¥ft#tt) wsv^i^^tit «©*£ 40 

V»*. &*, £ (Dm&O&mU&Wfi 8 X 1 0" cm"' 
T. V— $-7--Mzi.-DX\t%m,\>1tfrr>1t%Ot 

[0 0 2 6] «?&ttftftt2 0 1cm' /V • s 

©'t>©tt. BURSKtfHtX 8 X 1 0" cm-'T&o 
fc. H*>6W5*»»:J:5IC, FWHMBfeTb 
TV>5*t, FWHMCttBftt^tt* 1 ***^*:. 
T, »H?KJ;oTtt, *HMMW*9 8 0 cm' /V • 

s©t>©£ffi£&*V»tt*ft«fcD/hSfcFWHM©ffi£ 50 
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IM&flW«*#v»tv>'5ci:**i|(e-r**»» cent!*. 

^-&bi# icm^ffism t neft * Aft**?***}* 

V»t> T fed ©J: 5 C»BfCJ:oTWt 

[0 0 2 7] «T»»K*t9 8 0 cm' /V • s ©fc© 
«, aaHMEtt«©2"3Cifc^T, *L</Iv5<»ix 
1 0" cm-'T^fc. H*»6ei6!^iftJ:-5fc, £*SW 
KFWHMB/hS<, S&fcFWHM©«@?flCfiFttfc/J\ 
SV>. t©Cttt4*«K« : fll«**»**<, *ltA 

xA-fX^lrfi^T5©t®Je>T®LTV»S. 
[0 0 2 8] i*ft»**U-TOft**#*&»fctt, ±C 
©«fc5fc. J8*©&«^*©S&£<£»S-Lie>* £<•:*> 
fc, V— tf-7=-^©*tt*«iflsU3a:»tn«a:6ft 

v>. c©v— tf-7--;i'©*#«, v—if-oass* 

ft W**ttfc, It 0 SUM*. 9ftK. 

— tf-ttxis, &ax*->v-u— 

U~ YAGI/— bJ8. fctM&V— If 
-**{£fflT€r, I/— tf-7--;i'-r*K©J?SC«ktjT 

-7=-;Pf«Hi©ttlW9*V»<Wrc©»iB2l-*. £tt 

!f-AtJMt4*lTV>*«»©«a*«. ^©^«#:© 
■jft£U. r&to*, ^R©»^fctt*«BET : Tri4-0 

oaecsu. y^vn>>A©»^K«*«flETTr 1 o o 

5ffi»TSV^WK:*V»T«, »raWlC2 0 0 0SC& 

©fUE©ft«tt**Ktt**0***»fc*^- 

[0 0 2 9] ^JOW!fe*«X*«*t. 

if-7x-;n, *^HHSl t l 3 t?2 o o~6 o o 

sen o»~6^m©7r-;wffla*ifi-rctttj«v» 

cn«. U— tf-7x-;Ht«k-DT^ft<b* t SC5i: 
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U>^ Jin*t*^'U^fc*#-r*i«B [0 0 3 6] $etc. £4E£*£JKg&S'fKB«, 1 



[JtltM («S«I1) ^I/-^«ia©TFTfe#ll 10 ^ofc/bl 0" t o r t*'T^-#»T*>^KJ:oT 

U tfKBbfc. (P»W**H6t«-r. tWlU £©ttag£3 0»«t>fcO%, 9 9. 9 9%« 

£1\ aWtORF^y^ftfcioT, J* 3*5 1 0 On ±©iWS©#3lf;tf*«: 1 0 0 t o r rSWf>;^|*3 

m©7*;U7rX^y3>«**»J*l/fc. &KW5£ fc»XU «K*3 0 0KCC6 0»7=-*l/fc. C 

6 0 1, SSfi&l 5 OftC. SH^ttSifSMfcl 0 0 dT, -g*3S$&l<;fc©t*. SSSUcKSStlfctf* • 

XTfrly-VEEJliZO. 6^** (pa) "C^ft. *##*l**-j-*fc»"C**. cn6*TOUfc«ffiT 

fc. 7^>«WMEHt9 9. 9 9%^±T»ofc. nJteV>Cfc*«II»»C*)*»t>TV»fc. 

2 0 0 WT. R F Jf&gtt 1 3 . 5 6 MH z T* [0038] ftftC. £tf H t"f >««© 

ofc. £©7 ! 6^7 rX3/U 3>K* 100/i ±\Z^t£t^mtm^m WS 1 0 0 nm) 

mx 5 0-0 tfmOfi^CI'^^^U 7^777. 20 W\ 7^3X^AmS 6 0 8 , 6 0 9 iZtlBOtimK.- 

yijn>!6 0 2 J&fcbfc. K±©XSfcJ:t>Tf||M»«l!h5>3?^^ 

[0 0 31] dO*aK©Bis|f. S»**J:tfSBRoJMttt -jWMSSftfc. 
Vvfft<fel 0" cm-'«TT*5Ii£, 2&-f:*>® [0 0 3 9] . £-©S#jg|«3!h5>-:?;**-©CV*Jtt 

S»«ffe (SIMS) t-«toTWBUfc. SSS5£L/fc»*, ?**)Wfcffi&<Dm?®W}g.1iZ9 8 

[0 0 3 2] OUT. £©JK£l 0-'tor r©JE#© 0 cm 1 /V • s tJi^fe. L£VMI«flE (X 

usss+c**. Ka««KK»J6ftfcSK8*ab i^->3.*-;h«€je) 124. 9vc*ot. c© 

Tl*y7-I/- tf-3fc- (K r F l/- If-. i£&2 4 8 h y>*J7.?-<0?.**)VWim&*<Z)m 

nm. /Uiaffl O^/tfr. iSltX*;P#-2 0 0m £. -g$0JME£S I MSItioTSISbfefe 
J , JHW7X;«»5 0 ->a y h) £!SltbT. U~tf^- Uftlfe 1X10" cm nXfZ$>-oit. 

7=-;Uft*Cfc-afc. 30 [0 0 4 0] 7V-*-*a©TFTfcff« 

[0033] a sc. rnic^gH^iff>t?©Xi't<v^ u *©«a4Wt*»ffi^fc. s-r. iftcRF^n? 

ftfcJ:t>TWS»l OOnmflDy-f Mfi«R6 0 3t» ^SslC-k^T, 3 X 1 0" cm" ©«g©'J >**t»* 

j&Ufc. £©<!:#©&&&S«1 5 0&C. RF (1 5*51 0 0 nm©7 : e;i'7rX->U 3 

3. 5 6MHz) &Am#«4 0 OTO^ft. 9Hft fc. C ©*»?«. &©W-if-7X-;W;:ffifflSnS 

aUgftfc&SiT?. *BWfctttt«)*fX»*»*a*»t>. KrFW- tf-Jt (2 4 8nm) IC«fcoT, Wt±#ifi7 

ft. &3i©»g«9 9. 9 9S£A±T*o&. JErtteO. r-^sn*. SKSKl 5 OgC. 3?H 

5paT*o&. «tt»»fcl 0 0*7Jlcf>TrffiattO. 5/U#;U 
[0 0 3 4] •£©&, 7;i'5X'7AK (J* $ 2 0 0 n (pa) T&ofc. 7JU:*>fctt#*-*©te©*r*S« 

m) *4Mn©H43IMIScKJ:oT»*U Httfc*»L&*:>fc. 7;i'3*>©«*«9 9. 9 9% 
ftftWOP^-fXy^vytlslCioTHasU y< h« 40 &UT$>t>fc. &Att#«2 0 0WT, RFAttftlil 

&6 0 4£JMtl/fc. y-f Fllelttl 0 Own?* 3. 5 6MH«t*ofc. t<Dt, ^OT^T^v- 

ofc. £©££. \*5<x.y9->if\zm\/*t>tltt7*h U 3>&£ 1 0 0 (imX 5 0 0 um<D&%fflZX.y9-> 

h 6 o 5«y-< h®@©±ic8$ntv>&. if Lit. 

[0 0 3 5] o^-C, -f^->*T-6ii*JSfel:«fcoT, y-f [0 0 4 1] gjR£«fctf &*©»£« 

Ktgfflfl!^£WC*'>V'ft>&l C'cm-'SAl/ V»-fnt> 1 0" cm*' OTt?*^Jli:*> 2^^>S 

fc. y-fh^ffi©Tica, ^•©±©y'f hmmt7*v s##r& (sims) Kj:oT«Bi,fc. 

I'S?*. h#V7^£fcoT#>>7-f#>te£ASnfc [0 0 4 2] dniCffi^Sffl^r©XA^ ^ 

Vi. roigCt^T, S^feK^lC^iSJt'K)®^. Tfe ffilIi:-DTJ?$*<Jl 0 0nmOy-f hlUUIt«^b 

t>"&. V-^«S«6 0 6tHK>ffl«6 0 7i>Wl$.2 fc. d©fc^©^ma« 1 5 0g[C. RF (13. 5 
tlfc. r©J;^-r£B16 (B) icjRf. 50 6MHz) ISXS^Ii4 0 0WC*ofc. ^S^tt^S 



-^r§Ci: «St45 i:#*.<e>n5. 
[0 0 3 0] 



[0 0 3 7] OVi-e. *3l»Hft+T©Jlfc7=-;Pft* 
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II 



©58Stt99. 9%^±-T?$)-3fc. ,E2>te0. 5paT 

[0 0 4 3] ^ffl&. 7;P5r:>i7AK (J!£ 2 0 On 
m) Si v ffl©S5iffel:i^T)gfi£l„ ?&S&«# 
£&»©F7<Xy^>^j£l;;±oT|Sfc£U y-fh* 
a*Jg*Ufc. y< h®S©iB« 10 0 (jmT^fc. 

[0 0 4 4] "3v>-e, -f*>JT"6a*«ej:"3T, y-r 10 

hMoaWMSWfcjfrfrV-f 1 0 M cm-'SAl 
&. y-f h«©Tfctt, *©±©y-f h«ffit7* h 

[0 0 4 5] *6fc, gtt&#eXffi*l»CBe. i o 

■' t o r-rOff*TX*->V-l/— tf-3t (K r F V— 
•if-, fc62 4 8nm, 1 0:*V». Wtx* 

M-lOOmJ, fig|t/W^»5 0->3-y h) S\ S 
ffi©SBA»5fiiitL/T, i/— tf-7--;USr^C7io 20 
It. ^©lSlwJ:oT. 7*^77^ • ->'J3>K*t^ 

{fctflipjK^fcc&tons. •?■©&«>, flJfiW l ©TfrteT 

«OffBK^<0*||8**4i;fcOK»l/, *R5*<'>fc 
[0 0 4 6] owr. *f»'t , T©l7=-;^* 

WofcA,l O-'tor r3rr*-#^#>7 r K:.fcoT 30 

3SIC1 0 0*Cfcin&Lfc. £©ttffi£3 0 
9t&i1t<J>%. 9 9. 9 9XH±©tt*©**&**l 
0 0 t o r r*T7* >/*-rtfc»JkU g«£3 0 0 
SCC6 0#7X-;H,fc. CiT?, -**S»MlLfc 

tofroT^fc. 

[0 0 4 7] ftftiz. y-x&i&feJctf b*u-f>®4£© 
-hfc#ar*BMfca*« <J¥3 1 0 0 nm) fcrttH 40 

fc. 

[0 0 4 8] £©«|?-$31S!h7>^;**-©CV*Jf£ 

0 cm' /V • st*ofc. SSC L^Vifitmff U 
U->i*-;PH«JE) (S3. 9VTSo&. LffVMim 
fl£3WWfi« l»Cft^T*#Sftfc (fiTbfc) ©tt. * 
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-e*st#K.e.ns. *fc, y-r me*on/off 

L/fct^©PH , >effi©H:*»a5x l o' Tffcofc. 
[0 0 4-9] ^©l^^h^^v'X^-©^^^;!/ 

^Aimtfottx. s*. s imsicj:o 

TSI^bfcfe*. V»mt>-1 X 1 0" cm-'OTTt^ 

. K-^©>t»/i>ffltt5 2 0 c 
m-', 7V> • tf-^©^fiti®tt4. 5cm-'T&0, 

fc. 

[0 0 5 0] CSIJfi0il3) ^U-^«jfi©TFT*ffS 

S#r**Blfiil*fflV»T. JPSttl 0 0 nm©7 ; &;W 
7r**U3>*B*fr*©±©»31 0nm©g<tJi3i 
ttK£6J*3 1 0 nmOgfti3S«iTD-f^ 

3>KttS#©XyVy^^lCioT, *fc. gfbJiSfffil 

[0 0 5 1] *"f. JRl©T«*fc«Rft-feyhU * 
«*ft2 0 0SCKW(|-r*tt , bfc. X£#ftU ^ 
fllS©JBE?J!ft«l 0"' t o r r£ilT©ttfiBTMI$ifflfly9U 
■fc. iSIK^Iitei 0-'to rrRTCft 

j$Stt, *«#ASftV»J:5fcWISftfciSl©9 1 lr:' 
A-ftlO" t o r r*T»*U ^{f^eSffi*^ 
»a*TJB 1 Wt-lca&Kfc-fey h U g«43 J: 
XS-9-fv h%2 0 OflECfcfiWUfc**.- Xffittft 
L, ft>/MOffA4tl O-'tor r OTOtttn? 1 ' 

iftofc. ^W-y*>/!-S9 9. 9 9 9 9SKK 
±©*6£©3i3&*— y-y hSffifflb, 38»t3. lppm© 
•J>ft*^V>«. fi£IK^©S«m««l 5 0SC» ^ 
B^teUKWlC 1 0 0 %7;P=f>-CE7J«5 X 1 0'' t 

0 r r-e&ofc. 7)Vd>\Z\Z-jfiM*:<DfaOj37>*;nm 
«K«anl/**>ofc. 7*=f >©«Stt 9 9. 9 9 9 9 
9SK±T*-x.&. SA«*tt2 0 0WT, RFMUdRtt 

1 3. 5 6MHz-e*r3fc. 

[0 0 5 2] jgRK7& RF&«S»±U, ^1©^ 
1 0-' t o rrST»«L-ft. OV»T, «K 

1 0;' t o r rSTFfcfffcStl, JBlO^V^A-iJB 

2 ©^-v W1-©|fflC8a!^6nTVi*»2 ©^fflfStS 1 
O-'tor r*T?XfitlMC'U JBl©^* Wt-*»6JB 

C10"tor rOTir«^$n, *MM«A6«tV»J:5 
lr^S$nfc^2©^^>A*— £1 0'' t o r-rST* 
*U m2© ; f«^eS«^E!lS-&TS2©9 1 -v> 
n-i:SS*t*^U a^*itf^-yy h*2 0 0 

1 0"' t o r'rKT©«»Tri^ra««fbfc. 
[0 0 5 3] -e-tT, ^2©^V>A— »C*5RT#RS 
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tltzmS.9 9. 9 9 9 9%&i±<D7> : £=.7JJZ&£Zt 
'J'yyy^T,. (S ij Hi ) S3 : 2 ©£JS-T?iSA U 
£#©£*;£ lO-'tor rtbfc. -?-l/T. =f-^>n 
-fcRF«*4»A.U 75X^£5S£2i±^fc3i?it© 
£R£iSi:fc-a&. (13. 5 6 MHz) «2 

0 OWT&ofc. 

[0 0 5 4] )£gER7ft. RF»**fM:U SS2©?- 
tW^-SlO-'torrSTigl/fc. OUT, £2 
©^*W*-©)WllCRtt&*U 538©*ft*r*ll3 
©T*«l 0". t o r r*-CKffi#ftU, *2©^r 10 

8©ftl««tIl/TX*i'7-U- !f-3tt (KrF 
I/— tf-. «iS2 4 8nm, /UK*!® 1 0 RSfit 
X*;k*^ lOOmJ, Rl3t/Wl'*S 5 0 ->a y h) * 

^7 r X -> <J 3 >ffil©iS§il{fc;**5 £&o fc. 
[0 0 5 5] £©«k5lC, J^KII*&ftKttCXffitt 

TV^Vi«-&Tf*t>Tt>, *S0©lRj±©^Ta»T3a 

fc o -rs c sn« t v> ? z. t v»» s e.n 

[0 0 5 6] HOJ:5fc*Ril'— tf-7--;P 
*a«ttC*Jl)a:5»&lctt,.2p^Ufi«©J:5JcricKS 
fc^flKKfctRtt. WKfcWKfcRWT. tf-7- 

fl&& 7&tc i^-if-7x- * £ fc 5 t S 

irsic#*r-5 : feigsxy^>^tfewn«*sfev»© 
fc*>^*>xtt*#*rn«. tt#©*»*»«aTv» 

[0 0 5 7] ST. »3© ; WI*fc*V»Tl'~ !f-7= 

-;n&*7i/fc©*, *3©wM^teiiMa«f;*ft» 

«Bt«4Mn©H9-fX5>^>yttfcJ:o"ri»*l/fc© 40 
•fe. a*!!* 1 0 0 jtmx 5 0 0 #mfl)S*»l:X5(f 

[0 0 5 8] C©fi^©K^ S*«J:tflK«C!)«K« 

Vvfftfci 0" cm-'HTOS^tll BUXST?* 

m2titz%w®m$:2x.'f*>nmfttiim (sims) 

J; o T ##r -T 5 £ t It £ o T $£ S L . 
[0 0 5 9] SSK. cnfcffiSftgHS^©;*/'^ 
ftCJ^T/PSIBl 0 0nm©y-f MM3dB<£J§M£l/ 
fc. C©t#©SKmSt4l 5 OgC, RF (13. 5 
6MHz) tSAS^)«4 0 0WT*ofc. 7.i\y9<»9 50 
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-y-> us 99. 9999 %x±.0i&g.<ommmr& 

Jn*.&jfct>fc. ®5g©SS«9 9.9 9 9 XBUtT*:? 
fc. EM5X1 O-'tor rT&ofc. 
[0 0 6 0] ■*-©£. 7JRr->Ai (JPS 2 0 0 n 
in) fta»©KaJHIftfcJ:o-C»«U. 
SfittOH^-fXy^^yftKioTMiasl/. y-r hfl 
S=£^j£Ufc. y«f h«S©ffl« 1 0 0 (imTS^fc. 

May-r hma©±»cssnxv»fc. 

[0 0 6 1 3 OV>T. ■ftf^iTfc&^ftKio't. y-f 
1>«l©»»eWHc*^y'f*>'*l 0' 4 cm-'SAU 

&. y< h*«©Tic»4» *-©±©y-r h%mt7* h 

[0 0 6 2] S6lCv *K£#4X2&8§t;:fi#. 10 
"to r rOffiATX+^-U— !f-3fc (KrFU- 
■tf-, J£ft2 4 8nm, 0^7^. KSStX* 

M-5 0mJ, R»-/XJ^ft5 Ova-y h) «, 

©SEiS*6jfaW^T, i^-if-7x-jP4*c:&ofc. 

^©XSfc«koT. <5f>?T-5ii*XSlCioT7 ; e;i' 
7rX{fcLfc^M ! feffi^©7 ; &;P7rX • ->U3>K*t 

[0 0 6 3] C©*fett2R»©I/— tf-7=-*«* 

tW'SjaTfttSiJfiw i fci^UTfaa*^ 2@g© 

I/— tf-7x-;i<&SS©SS^5*ia3 tv^ Jl t 
Ci^T, ^FM#l^tf 1 Y^;l'^fi£«S^©]i^W?5:^. 
H*B»fr*. «rfc, IBB© I'-— !f-7--M^ 

©atsM^^fti'fe^s-ar, ^»Eti«sa©jattsifiT 

S-&-&^t&BWi:-r5. *UT. "1/— !f-©Hl*j9»» 
ftHSnsdiil'.koT, l@g©P-if-7x-;Hc«k 

oT»j«snftj»»*©*#a*fttt«w c^ttx? 

U-f >«J!Si:5 i 'V^;l'^<a«©#M»CJ3ViT, 

[0 0 6 4] Hififll 2 ©#&<!:&& 9. t>3"to^ 
^V*W»rt«WfP«©fc»K: 1 01 ©U— tf-7X- 

-7x-ji^i5;:fc3 fc, i/— y-W»if©7=-^tt 

-3t©wicj;oT. y-r hmsic^«-r^.«B^©^ii 



(9) 4$B8¥5-2 9 9 3 3 9 

15 16 

[0 0 6 5] *5g^H^-eo^7^-;i'€:* S^tUTl'— 9 ! -7--;i'i:Vi5^ft$fflV^tb 

Zti-Dtz. X^g^TfrS^-V^A-rtCSSSrg^, fed*. C©^lC«0!l^.«7 5-y->jL5>y7r:-Jl/O 

V^fc/ul 0-tor r ST^-tfiH^^KJ^T ^iZU-^-\mM^ni3.^mh^tiOT$>^. "T 
S^Kl 0 0*CfcJO*l/fc. Jl©ttSi£3 0 **W«3a*3!t3t*Wx*^-tfflffilyT* 
tf^fc©"^ 9 9. 9 9%.&U©»£g©*ji§#X£l 10 ^^O^ffitt*^ST-5*ffilCP-rSfe©T*5. 
0 0 t o r r SrW 1 * >/t-|*ifc**U 3 0 0 [0®©ffl*fcifti51] 

ftc-tr6 o^7--;pLfc. r^r, -flwawabfe mi] i/— jf-Tn-jusnfc^tsttKo^T^' tr 

on. «RfcR»snfc3ff^ • *»»*n§a5-r*fc*Tr -*©+<>« (raman shift. «m> tm^ 

&«. ifts*awFUfcttiBTrjii7=-*«*::3a:5 #Ade («M) ©ns^ss-r. «£?*©&*©$&« 2 

tofr<3TV»fc. [02] #*JMWHME0t>-" !f-7=-JWSnfca* 

[0 0 6 6] AftC, V^X***J;tf >**© ««©7V> • tf-*©4>.L>ffi (RAMAN SHI F 

oiaicj:t>T«iMwifflK9>^^-*«»**n 20 a^©7v>. tf-^©^<ii®©#effia^©7v>ii 

fc. -^©*4WBCSrf*tt:* (FWHM RATIO. « 

[0 0 6 7] c©«iwi*a!h9>^^-ft loo® M) tvmna okm) 

f£fibt. *n6©CV»tt*IWfcl/fclt*, [04] «*ftK3WME©I/— *-7=-^Sftfc3t* 

»«*M©«W»*tt'Wir9 9 5 cm* /V • sT SK©5V> • ^-^©7*^7 7Xfi£#©3ag (4 8 

b*m»tEE <*1">3.*-;H*« 0 cm-'Olf-*) ©JMftOiXj&a-©** (521c 

JE) ©TO«4. 2VTa&ofc. Fl/-f>«J*©Jt*© m-'OK-*) CttTStfc* (Ia/Ic, MM) fc€ 
spi^tt8 x 10' *^»»*©«Wtt 8 0 Gtttt) ©H«**-r. 

0cm' /V- s. Xl">i*-JH 5 fE©S¥ffl$ [05] **«JW*h?>5>*a'--©9 l **;i'»jS« 

5. 0 V. KW>««ifc©a£iPM!£l X 1 0* tb K-^©FWHM©»Bfft#ttSw 
T, 1 0 0 «©«»*»« h 9 >^^-©*» • 30 r. Hfcttl : FWHM, *M : X/L (L : 

Zm^tztCZ, 9 li*»*»l/ft. [06] «jMa*fflh?>^*-©fMGf»©««SS 

[0 0 6 8] cn6©«JMWiaih?>5?^- "J*. 

©9 1 * **»*«*+©•*. Oft &3it©SS4SI [flF*©Ml] 





601 • 


• -WSL 


S>**-Ttt, Vvffife 1X10" cm-'aTTJo 


6 0 2 • 




fc. 


6 0 3 - 




[0 0 6 9] 


6 04 • 






6 0 5 • 






6 0 6 - 




RWTTtt, £fcbT5**©ia*tt*««fciMcLfc¥ 40 


6 07 • 


• • hw>** 


W«UII©V'- 1 tf-7=-^fc"3V»TBlBb&38«, £& 


6 0 8 - 






6 0 9 - 





ft*««iStf«««©*»«*»* , r*-3Tt>J:v». £ 
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[S3] 

[04] 




0 >- 2. 0. 4 0. 6 0. 8 I. D 
INTENSITY RATIO U/lc 



Ik 



( 11 ) 



- 2 9 9 3 3 9 



IMS) 



[06] 



20 



k 1 5 




9 B 0 c m" /V s 
I 



0. 5 
■X- ^ T. 



■1. 0 



6 0 2 



1 



BO I 



0 0 6 



~7 



6 0 5 




60 1 



603 



60 7 



60B 



909 




CO 



4a 



